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(57) In connection with the determination of the 
transmit power of a beginning transmission there is also 
determined, in the method according to the invention, 
suitable output powers for other transmissions, so that 
the entity formed by all controlled transmissions is as 
close to the optimum as possible already at the begin- 
ning of a new frame. The method according to the in- 
vention takes into consideration the effect of a beginning 
transmission on other transmissions. The method ac- 
cording to the invention further takes into consideration 
changes in the conditions during the previous frame by 
including the control history ot the fast power control as 
initial information of the calculation made during the re- 
determination of the output powers, for instance as a 
suitable statistical quantity of the transmission history of 
each transmission, for instance as an average over a 
certain period. 
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Description 



[0001]' This invention is concerned with the power control in a CDMA system. 

[0002] Radio connections must achieve a certain correctness so that they can transmit information in a desired 
manner. This can be achieved with a sufficiently high C/l ratio (Carrier to Interference Ratio), which represents the ratio 
of the received carrier power to the simultaneously received interference power For prior art cellular systems it is 
typical that a certain. target level is defined for the C/l ratio (or for the SIR - Signal to Interference Ratio - of for the 8/ 
N - Signal to Noise ratio - or for the S/(l+N) - Signal to Noise plus Interference ratio - or for some other corresponding 
factor), and that the transmit power for each radio connection is controlled to be so high that the target level is barely 
reached. It is not beneficial to have a higher transmit power than that which is required to reach the target level of the 
C/l ratio, because an unnecessary high transmission power consumes electric energy in the transmitting device and 
causes interference to other simultaneous radio connections. 

[0003] In the CDMA system the SIR value of the i:th packet of a cell can be calculated with the formula below: 



SIR,=G, ^^ (1) 



j 

where ^ is the power received by the i:th user, 



j 

is the total power of the own celL Gj is the process gain of the i:th packet, P^i^er ^^e interference power of the other 
cells, and is the. external temperature noise or background noise. 

[0004] When a .new transmission is initiated the base station must define the required transmit power in some way 
If the transmit power is too low there will occur too much errors in the connection. On the other hand, if the transmit 
power is top high, this, will interfere with the other connections in the cell. When the new transmission is initiated the 
required output power is typically controlled in a so called open-loop power control on the basis of link gain measure- 
ments. The output power is determined on the basis of the desired error level e.g. according to the formula (1), by 
using the signal level of the base station's pilot signal detected by the mobile station when value of the term P^j is 
evaluated. 

[0005] Figure 1 illustrates a situation which occurs at the beginning of.a new transmission. In this schematic example 
there are two mobile stations within the base station area, whereby the transmit powers of their transmissions are 
represented by the curves A and B. In figure .1 a new frame begins at mpment \^ . At the beginning of a new frame also 
"1°"^''® station C begins to transmit. The transmit power p^ used by the mobile station C at the beginning. of the 
frame is .typically determined according to the formula (1 ). However, the transmission C interferes with the other con- 
nections in. the cell, whereby the error level of the connections will increase. Therefore the base station must control 
the power levels of the other transmissions, which results in that also the power level of the transmission C must be 
changed. The base station adjusts the transmit powers of the mobile stations until the number of errors occurring in 
different connections is reduced to the target level and the SIR target levels for each connection are obtained. In figure 
1 this transmit power control is represented by the segments of the cun/es-A. B and C between the moments t-, and 
tg.. At the n^oment tg the desired target error level is. obtained, whereby the transmit power of the transmission C has 
changed from power p^ lo power pg. However, a practice like this has an disadvantage in that the transmit powers are 
not optimal between the moments t^ and t2, and errors occur in the connections. A fast power control corrects the 
transmit powers in a desired way to their optimal values, but communication capacity is lost before the desired error 
level's are obtained. Regarding figure 1 it must be noted that for the sake of clarity it shows only the search of power 
levels which compensate for the interference, and that the effect of a possible fast fading is not shown. 
[0006] Situations in which the power levels of the transmissions are not optimal are not only caused by the beginning 
of a transmission, but also by the end of a transmission, or in more general terms by a changed number of transmissions. 
When a new frame begins the powers used for transmissions which extend over the frame boundary, such as the 
transmissions A and B in the example of figure 1 , are based on the interference situations of the previous frame or of 
previous frames. Thus the power levels of the transmissions A and B are calculated on the basis of interfering trans- 
missions which are different from those being active in the new frame. For instance half of the packets in the considered 
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frame can relate to active bearers in the previous frame and half of the packets can relate to non-active bearers in the 
previous frame. In such an example half of the transmissions causing interference in the previous frame are hot anyrr>ore 
active during the new frame, whereby the power levels used at the end of the previous frame are not anymore correct 
at the beginning of the new frame. 

5 [0007] The term "bearer" means an entity formed by all such factors which have an impact on the communication 
between the base station and a certain terminal. The term bearer relates i.a. to the transmission rate, delay, bit error 
rate, and variations of these between certain minimum and maximum values. A bearer can be perceived as a commu- 
nication channel formed by the added effect of these factors, whereby the channel connects the base station and a 
certain terminal and can carry useful data, i.e. payload information. One bearer always connects only one terminal to 

10 one base station. Multimode terminals can simultaneously maintain several bearers, which connect the terminal to one 
base station. If the system is able to use macro diversity combination, then the bearer or bearers can simultaneously 
connect the terminal to the network via more than one base station. 

[0008] The problem described in the previous paragraphs is particularly inconvenient in packet traffic. If the connec- 
tions between the base station and the mobile stations are so called real time connections (FTT connections), such as 

IS for instance voice connections, then the transmissions typically extend as uniform transmissions over several frames, 
whereby the search for the power level at the beginning of the transmission represents a very small proportion ot the 
transmission time. In packet communication, more generally in non-real time connections (NRT connections), the data 
is transmitted in a minimum case as packets with the length of one frame, whereby the search for the power level at 
the beginning of the packet transmission forms a considerable proportion of the transmission time. 

20 [0009] One way lo solve the above described problems is to recalculate the power levels of all transmissions with 
the open loop principle when the number of transmissions changes. However, such a solution has a disadvantage in 
that it does not consider the effect of the fast power control on the transmit power of bearers, which were active in the 
previous frame. When required the base station continuously adjusts the output powers. The base station must adjust 
the output powers, typically to compensate for the effects of the slow fading and the fast fading on different connections 

2B and for the effect of mutual interference between the different transmissions. 

[0010] For instance, if the base station during a frame can give at most 16 power control instructions, with which the 
transmit power increases or decreases 1 dB, then due to a momentary change in the conditions the transmit power of 
one transmission can rise 1 6 dB during the same frame, or be multiplied by 40, or decrease to 1/40 compared to the 
output power at the beginning of the frame. If the output power calculated with the open loop principle deviates less 

30 than 16 dB from the correct value, then the power control has time to adjust the output powei- to the correct ^value 
during one frame However, the values calculated with the open loop principle can deviate much rnore from the correct 
value, whereby the power control does not have time to correct the power to the correct value during one f ranne. 
[0011] The invention is at least partially achieved by recalculating the power values of substantially all transmissions 
of the whole cell or of another controlled transmission cluster when new transmissions begin or when old ones are 

35 terminated, and by taking into consideration in the calculation at least a part of the power control history of transmissions 
extending over the frame border, i.e. over the calculation boundary A control method of this type can in advance 
consider the effect which for instance beginning transmissions have on transmissions extending over the calculation 
boundary, whereby the output powers of different transmissions are very close to the optimum already when the hew 
transmissions begin and the new power values are applied. 

40 [0012] According to a first aspect of the present invention, there is provided a power control system in a mobile 
system based at least partly on the spread spectrum technique and having at least one mobile station and at least one 
base station, characterised in that the transmit power of more than one bearer is deterhnined at a time with the aid of 
the method, and that the method comprises steps, in which a control function is formed at least partly on the basis of 
a quantity which at least partly represents the fast fading experienced by at least' one bearer, and the control fundtiori 

45 is calculated in order to determine new output power values of said at least one bearer 

[0013] According to a second aspect of the present invention, there is provided an element of a mobile system', 
characterised in that it comprises means to generate a quantity vyhich at least panly depends on the fast fading expe- 
rienced by al least one bearer, means to determine of the output power values for more than one bearer at least partly 
on the basis of said quantity, and means to control the output power of at least one bearer on the basis of said output 

so power values. 

[0014] According to a third aspect of the present invention, there is provided a load control method in a mobile 
network, characterised in that it comprises steps, in which a power vector is calculated in order to generate' candidate 
values to be used as powers at the beginning of the next calculation period^ a check is made whether the power load 
exceeds a predetermined limit, whereby, if the power toad exceeds said predetermined limit, at least one of the following 
ss is decreased; 

the transmit power of at least one transmission, 
the bit rate of at least one transmission, and 
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the SIR target level of at least one transmission; 

whereby said at least one transnnission is selected on the basis of which transnnission has a corresponding candidate 
power value in the power vector with the greatest ratio to the number of correctly, received bits of said transmission 

s during the previous calculation period. 

[0015] According to. a fourth aspect of the present invention, there is provided a method to manage the transmit 
powers of bearers in a mobile network, characterised in that the powers of the bearers are at least partly controlled in 
clusters, the cluster of each bearer is determined according to the state of the bearer, and that the method comprises 
steps, in which a power vector is calculated in order to generate candidate values to be used as powers at the beginning 

10 of the next calculation period, the transmit power of at least one bearer cluster is changed in accordance with the 
calculated candidate values. 

[0016] In connection with the determination of the transmit power of a beginning transmission the method according 
to the invention also determines the output powers which are suitable for other transmissions, so that the entity formed 
by all controlled transmissions is as close to the optimum as possible already at the beginning of a new frame. The 
75 miethod according to the invention takes into consideration the effect of a beginning transmission on other transmis- 
sions. The optimal output power values will change when the fast fading is changing, but the method according to the 
invention tries to find correct transmit powers for the transmissions as fast as possible so that the transmit powers 
correspond to the prevailing situation regarding fading and interference. 

[0017] The method according to the invention further considers changes in the conditions which occurred during the 
previous frame by adding the control history of the last power control to the input data for the calculation made during 
the re-determination of the output powers. In the simplest way the effect of the fast power control can be taken into 
consideration by taking as input data for the calculation only that transmit power which the respective transmission 
used at the end of the previous frame. However, the momentary transmit power can vary even very fast due to the 
conditions, whereby a better picture of the current conditions on the radio path can be obtained by taking as input data 
for the calculation a suitable statistical quantity from the transmit power history of each transmission, such as an average 
over a certain period. Advantageously such an average can be calculated e.g. over a certain period at the end of the 
previous frame, or over the whole frame. The average can also be calculated over several frames, if required. As a 
statistical quantity of this type it is also possible to use another quantity than a mere average, such as for instance an 
average weighted in a desired way. Such a weighted average can advantageously give a higher weight to the power 
30 values used at the end of the previous frame than to earlier values. As input data it is also possible to use for instance 
an average which is weighted by the ratio of two averages calculated over periods with different lengths, or any other 
suitable statistical quantity. 

[0018] With the aid of the power control method according to the invention the transmit powers of the mobile stations 
and the base station in the area of one cell can be advantageously controlled. However, the invention is not limited to 
this, but the method is also applicable to simultaneous optimisation of the transmit powers jn more than one cell. With 
the aid of the method according to the invention it is also possible to manage the transmissions in a certain part of a 
cell, such as a certain sector of a cell which is divided into sectors. The invention is also applicable to the power control 
of only certain bearers, which strongly interfere with each other. 

[0019] The power control method according to the invention is also applicable in such situations where a transmission 
40 is terminated at the end of a frame. If the power levels of other transmissions are not correspondingly corrected, then 
the power levels will not be at the optimum, whereby communication capacity is lost. In prior art systems the power 
level optimisation is also in this situation given as a task to the fast power control. Then communication capacity is lost 
at the beginning of the next frame during that time which is needed to find the optimum values of the transmit powers. 
With the aid of the method according to the invention the transmit powers can also in this situation be set as close to 
45 th^ optimum values as possible, already at the beginning of a frame. 

[0020] The method according to the invention is generally applicable in all such situations where the amount of 
information to be transmitted over the radio path is changing. For instance, it a bearer which was active in the previous 
frame requires a doubled data transmission capacity, whereby the bearer's transmit power is also doubled when the 
other connection parameters remain unchanged, then this will have an effect on the other bearers in a similar way as 
50 there would have been a new bearer starting at the beginning of the frame. Correspondingly, a reduction of the trans- 
mission rate has the opposite effect. 

[0021] Advantageously, the invention minimises the time which passes after a step-wise change in the amount of 
communication until the transmit powers of a controlled transmission cluster are optimally controlled. Another advan- 
tage of the invention is the improvement of the capacity of the radio interface in CDMA systems with packet commu- 
55 hication. A further advantage of the invention is the minimisation of the power control error in the whole controlled 
transmission cluster caused by packet traffic with a short duration. 

[0022] Below the invention is described in more detail with reference to preferred embodiments presented as exam- 
ples, and to the enclosed figures in which: 
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Figure 1 illustrates the power control error occurring in prior art power determination methods, 

Figure 2 illustrates the operation of the method according to a preferred embodiment of the invention. 

5 Figure 3 illustrates the operation of the method according to another preferred embodiment of the invention. 

Figure 4 illustrates a preferred embodiment of the invention, where the base station comprises means tor realising 
the control method according to the invention, and 

10 Figure 5 illustrates another preferred' embodiment of the invention, where the means required to realise the control 
method according to the invention are located in the base station controller 

[0023] The same reference numerals and markings are used for corresponding parts in the figures. 

[0024] In the method according to the invention the expected SIR values (signal-to-interference ratio) or for instance 

^5 the expected S/N values (signal-to-noise ratio) of the simultaneously transmitted packets are controlled to a certain 
target level tor e.g. each bearer or for each bearer class, considering the required power variations due to the fast 
fading for those bearers, which were active in the previous frame or in the previous frames, and for which the control 
history of the fast power control due to the fast fading is thus known. Thus the method according to the invention uses 
the information about the executed fast power control actions during the previous frames to update the calculatjori of 

20 the new transmit powers, whereby the obtained information about the transmit powers required by the packets is more 
accurate than in prior art methods. 

[0025] In the power control method according to the invention the calculation of the SIR values can be made for 
instance in the following way: 



G L P 



J ^~ No MSi No BS No_MS. (2) 



where . . . ■ 

Yjj is the target SIR level of the packet or bearer y of the base station /, ' ■ . * ' 

L.^jj is the link gain between the base station m and the terminal relating to the bearer j of the base station /, 

Pij is the transmit power of the packet/bearer j of the base station /, . , . - 

^0 Gij is the process gain of the packet/bearer j of the base station /; • ' 

No_BS is the number of base stations in the base station neighbourhood controlled by one base station controller, 

No_MSn, is the number of active bearers of the base station m (m = 1 , 2, No_BS), ' 

45 

A 

Ljj is the link gain Ly between the base station / and the terminal relating to its bearer /divided by the control 
history fjj^ of the fast power control of the considered bearer, 

Pfg is a noise term, and 

so ' - . * ' 

a is a factor representing the orthogonality of the codes of the own cell, a e(0,1]. The value of the factor a is 

one if the orthogonality of the codes of the own cell is not considered. 

[0026] The term fy^^ representing the control history. can be generated in many different ways. The corrtrol history" 
55 can be generated for instance in the following way: 
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20 



1 ^ the bearer j in the base sation i was not active 

in the previous firame (3 ) 

n n^MjC^X the bearer j was active in the previous frame 



[0027] In the above formula (3) the factor 



K(h) 
15 H, 



H 



Fij 



represents the number of power control instructions of the fast power control during a frame h. 
refers to the first frame of the period considered in the calculation, and 

refers to the frame preceding the beginning frame (frame H) in a continuous transmission of the bearer j of 
the base station /, i.e. when said bearer has been active in the frames 



|H,ij,H2ij,...,Hp^j , 



2B 



30 



and, 



is the kith power control instruction of the h:th frame 

(h €|H,jg,H2g,"v»Hfij})i 



where generally 



35 



40 



Step up 
step down 



if the power is increased 

at thek: th power control action 
if the power isdecreased 

at the k: th power control action 



(4) 



[0028] As mentioned above in this patent application, the effect of the fast fading can be taken into consideration by 
yery many different statistical quantities. The term f^H representing the control history can be generated in the manner 
45 according to formula (3), and moreover also as defined by the following formulas (5) and (6) or the formulas (5) and (7): 



so 



55 



g^-^^L^ , the bearer j in the base station i was not active 

in the previous frame, or the control history 

of the fast power control wasotherwise not known 

n il^Atf^^)' thebearerjwasactiveinthepreviousframe 



(5) 
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where the function g is for instance given by the formula (6) below: 
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(6) 



75 



[0029] The function g can also for instance be given by the fornnula (7): 



20 



(tut) 



-l/n. 



(7) 
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[0030] In the above formulae the factor 

n is a constant factor, n > 1 , 

Pf^^ represents the received signal strength, and 

Pj^ is the total transmit power of a corresponding signal, such as the pilot signal, transmitteid by the own base station 
during the same period. 

[0031] A suitable value for n is for instance 2, If the value n = 2 is used in the formula (6), then a change in the signal 
strength caused by fast fading can have an effect which at most doubles or halves the link gain estimate. 
[0032] The term fjjH representing the control history can be formed for instance also in the following way: 



1, the bearer j in the base sation i was not active 

in the previous frame 

I ^ J , thebearerj was active in the previous frame 

V oUv rx/ 



(8) 



45 



55 



[0033] ■ In formula (8) the factor n > 1. A suitable value of the factor n is tor instance 4. Atthough the term fy^ in this 
description is called a term representing the control history it is observed here that regarding the invention -said term 
is intended to represent a quantity, which in some way at least partly represents the effect of a fast fading experienced 
by different bearers. \ 
[0034] In the alternative term {in fjjH) describing the control history of active packets presented in the formula (8) 
SIR_rx represents the SIR value observed during the previous frame (frame Hpjj), or for instance the detected average 
SIR value of the frames {Hiy, H2jj, .... Hpy}. Thus it is then assumed that the fast fading occurring in the previous frames 
is included as an average in the calculation of the new transmit power so that the transmit power obtained through the 
link gain is corrected towards the SIR target level on the basts of the detected SIR. 

[0035] The above presented formulae (3), (5), (6), (7) and (8) are only exemplary, and the invention is not limited to 
the practice expressed in them in order to considers changed transmit power of the transmission caused by fast fading. 
[0036] The control history can further be observed for instance in the following way by utilising both the calculation 
method according to the formula (3) and the calculatbn method according to the formula (5). The factor can be 
calculated both according to the formula (3) and the formula (5), and the maximum of the absolute values of these two 
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intermediate results can be used as the scaling factor in the formula (2). Thus for instance, if the formula (3) gives 
fjjH ~ 2, and the formula (5) gives ~ 1 ,6. and the maximum rule is utilised, then the value of the final scaling factor 
fjjH is 2. As the scaling factor in the formula (2) it is also possible to use the minimum of the mentioned two intermediate 
results or a combination defined in some other vvay. 
5 [0037] All quantities in the formulae (2), (3), (5), (6). (7) and (8) are expressed as absolute values, and not as de- 
values. 

[0038] In the calculation formula (2) of the SI R values a possible way to realise the idea of this invention was presented 
as including the control history of the fast power control caused by fast fading during the previous frames in the cal- 
culation of the initial transmit powers of a new frame, so that the link gain to the own base station is divided by the 
10 control history. Thus, if the fast power control uses for instance the so called delta control where the step size is constant 
in absolute units, then the scaling factor of the link gain caused by the control history of the fast power control during 
the previous frame can be generated in absolute units for instance in the following way: 



fuH=n flMk) = a- (9) 



20 and in dB-unils for instance in the following way: 

fm = § 'Zu^ik) = {s-t) iO log,,(a)dB (10) 

25 A-^'u/ 

where 

30 s is the number of power increments of the fast power control performed in the previous frame 
t is the number of power decrements ot the fast power control performed in the previous frame 
a is the step size, and 

K is the number of control steps in the previous frame. 



[0039] Here it must be observed that both the step size a and the number Kof power control instructions from the 
power control during one frame can vary from one frame to another. 
40 [0040] An example of how the output powers of different bearers can be determined is discussed below. The formula 
(2) gives: 



hr-« n=« Z^.+ S^^+T-^- (11) 



. ✓ . ~4f 

which can be expressed in a matrix form as follows: 

^P^Ap + aP^ ' (12) 

where p is a matrix containing the output powers ot the bearers, which is presented in more detail in the formula (13), 
A is a square matrix according to the formula (14) formed by sub-matrices according to the formula (15), a is a link 
gain vector according to the formula (16), and X \s diagonal matrix, which is defined in the formulae (17) and (18). The 
matrix A is a matrix of interference effects, i.e. it contains mainly the interactions of each base station to the other base 
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stations and to the mobile stations controlled by the other base stations. 



...P ...p ..,p . 

.No_MS| ^No.BS.I -^No.BS.I "^No.BS.No.MSh, as 



r 



(13) 



10 



15 



25 



30 



35 



40 



A., 



Ai„ak)= 



(14) 



0,i = mA j = k 

a,i = m A j ^ k j = 1 No_MSj, k = No_MS^. (15) 



A. 



Nb_BS,l 



fmi ... fHXNo^MSy 



(16) 



[0041] For instance the definition of the term f representing the control history according to the formula (3) can be 
used in the formula (16). 



X = 



X, 0 0 
0 

0 0 X 



No BS- 



(17) 



[0042] In the formula (17) the factors ^ are diagonal sub-matrices: 



45 



50 



55 



-a,j = k 



, j= 1 ... No_MSi, k = 1 ... No_„MSi (18) 



0, j^k 



[0043] A new open loop power vector can be calculated with the aid of the above formulae according to formula (1 9): 

p^X-A)*'aP^ , (19) 

[0044] Due to reasons relating to the calculation it may in practice be advantageous to limit the number of small non- 
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zero elements in the matrix A. This can be done for instance so that first the largest element of the matrix is found, 
and then .ail such elements, which are for instance 30 dB, or in absolute values 1000 times smaller than . the largest 
element, are replaced by zeroes. Then the dynamics of the matrix A is limited to 30 dB. 

[CK345] Another alternative to simplify the matrix A is.to replace certain sub-matrices A„^ (n. m = 1 . 2, .... No_BS) by 
5 zero-matrices where all elements are zeroes, this can be made .for instance in those sub-matrices, for which the 
corresponding base stations n and m are not neighbouring base stations. Alternatively this can be made for instance 
in those sub-matrices, in which the number of non-zero elements is less than a certain threshold value after the above 
described limiting of the dynamics. Advantageously about 1 0 % of the number of elements in the sub-matrix could be 
selecte.d as such a threshold value. A further alternative could be to reset those sub-matrices A^^, whose corresponding 
10 base station m has a link gain to the base station n has an absolute value which is at least' as high as the power control 
.dynamics of the base station n, or by a certain parameter value higher than the power control dynamics. 
[0046] A third alternative way to simplify the matrix A is to make the matrix into a diagonal matrix, i.e. to replace the 
sub-matrices A^m (n, m = 1 , 2, No_BS) by zero-matrices, where n ^ m. Then the power vector is solved for each 
base station so that only the interference caused by the own base station is taken into consideration instead of the 
75 total interference. 

[0047] The matrix A can also be simplified by resetting elements o1 certain rows or columns. For instance, rows or 
columns having elements with values below a certain limit can be selected as resettable rows or columns. 
[0048] The above described ways, to simplify the matrix A reduce the required amount of calculation, whereby the 
calculation is faster. 

[0049] In practice the power values in use have certain lower and upper limits, so that the results provided by the 
calculation must be limited to a certain power range. If a component of the power vector must be varied, then it is 
necessary to check which effect it has on the SIR value of the respective transmitted packet/bearer, or on some other 
corresponding value representing the interference level. The check,can be made by calculating the SIR values y^, at 
the revised power levels, for instance according to the formula (20) below: 
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= div(GP, {A + \)P + aP^) (20) 

where div(.) denotes division element by element, and G is a diagonal nnatrix containing the process gains. If the SIR 
values Yr obtained with the revised power levels are unacceptable, then the network system can arrange the traffic, for 
instance by moving packets of low priority levels to be transmitted in later frames, and by recalculating the power levels. 
If the SIR values are acceptable, then the calculated power levels can be used. 

[0050] As a criterion for the utilisation of the calculated power values it is also possible to use other parameters than 
the above mentioned SIR values. The output power vector can be calculated several times with slightly different initial 
values, for instance with different SIR target levels, and the output power vector to be used is selected according to a 
desired criterion or a desired set of criteria. Another exemplary alternative for varying the initial values of the calculation 
of the output power vector is to reduce the bit rate of those transmissions, which during the previous frames had on 
the average the highest transmit power per correctly received bits, or to interrupt the transmission of such a transmission 
. for the period of the beginning frame. For instance the ratio of the total transmit powerto the number of bits transmitted 
during one frame can be used as the quantity to be minimised in the selection of the output power vector to.be used. 
For instance the ratio of the transmit power of the active bearers to the number of correctly bits can also be used as 
the.quantity to be minimised. The invention does not in any way limit the optimisation target used here nor. the optimi- 
sation method used for the actual optimisation. in addition to the power control method presented in this application. It 
is for instance possible to select from the calculated output power vectors that one which has the lowest sum of the 
output powers. As another example of the target for the optimisation of the output powers there can be presented a 
maximisation of the SIR values weighted by the price categories or profit categories of the different bearers, which is 
a useful parameter it the considered mobile system on the traffic level monitors the costs caused by each bearer and 
the payments received from the users of the service. Further we can mention as an example the maximisation of the 
SIR values weighted by the importance categories of the bearers, which is suitably used in a mobile system where 
each user can be assigned importance categories conceming all bearers of the user, or concerning each bearer of the 
user. Thus a system of this kind, could for instance guarantee the throughput of authority traffic despite congestion 
peaks. With the aid of importance categories for different packets or bearers it is also possible to create different service 
categories for the users, for instance according to the longest allowable delay, whereby the packet's importance class 
is automatically raised when the longest allowable delay is approached, until the packet gets through. As a further 
example we can mention the maximisation of the throughput capacity for data communication. A desired combination 
of these or other single targets could also be regarded as the optimisation target. As is seen from these examples, the 
traffic can be managed according to many different targets with the aid of the control method according to the invention, 
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taking into consideration the very different special requirements of different bearers. 

[0051] ' The power vector can also be used as an aid in admission control and load control in order to decide whether 
it is worth to give service to a bearer trying to start at a certain moment, whether it is worth to let said bearer'wait for 
its turn to be transmitted, or whether it is better worth regarding the system capacity and stability to lower the SIR target 

5 level for a connection or to increase the process gain (i.e. decrease the bit rate). Then the ratio of the transmit power 
given by the calculated power vector to the transmitted bits can be used as the selection quantity; or the ratio of the 
transmit power given by the calculated power vector to the correctly received bits during the previous frames cah be 
used as the selection quantity. The ratio of the transmit power to the correctly received bits during the previous f rahnes 
represents the average amount of required transmit power for the correct reception of a bit. One possible selection 

10 quantity is also obtained by multiplying the transmit power of a transmission for the number of transmitted bits with a . 
function having as the argument the ratio of the SIR target level to the observed SIR (SIR,arc,et_ieve/^'^)' which is 
calculated over the averaging period used in the calculation of the transmit powers. The calculation of the selection 
quantity is illustrated in the formula (21). 



;h,[siR,SIR,.^«^] (21) 



CriterioQ = — ^ . 

nuinber_ of _ bits 

20 [0052] The function h^ in the formula (21) can for instance be a function according to the formula (22). 



SIR ) . > ' 



[0053] In the formula (22) the factor n > 1. A suitable value of the factor n is for instance 4. The selection quantity 
can also be calculated according to the formula (23): 



30 r 1 

number of bits ^-P"^"-'^"^'----- J ^^^^ 



[0054] The function hg in the formula (23) can for instance be a function according to the formula (24). 

SIR^ 

h. 



^"^target_leveiy 



(24) 



40 [0055] In the formula (24) the factor n > 1 . A suitable value of the factor n is for instance 1 or slightly greater than 1 . 
In the formula (24) the quantity SIR^j^ denotes the lowest value among the SIR target levels SlRt^^^, ,^^^1 of the 
compared transmissions. If for instance a decision is made between two transmissions, which one of them should have 
a lower bit rate and/or a lower SIR target value when the first transmission has a SIRtargeijevei 2 and the second 
transmission has a SIRtargetjevei 4' ^^^^ according to the formula (24) the function hg will get the value 0.5 for the 

45 first transmission and the value 1 for the second transmission, when n = 1 . In addition to the number of bits and tfie 
transmit power also the value of the quality target (SIRj^^gg, ,3^^,) for the transmissions is in this way taken into consid- 
eration. When the selection quantity is determined the function h2 according to the formula (24) has that effect that in 
addition to the correctly received bits also that SIR target level is explicitly taken into consideration, at which said bits 
are intended to be received. . 

so [0056] When the SIR is calculated it is, however, worthwhile to use a limitation of the highest and lowest values. For 
instance, if the SIR value is below a certain predetermined lower limit, then the bit rate of this connection is lowered 
more than for a connection having a SIR value over this lower limit. If the SIR value is over the higher limit, then the 
SIR value is replaced by the higher limit value. 

[0057] All quantities in the formulae (21), (22). (23) and (24) are expressed in absolute units, and not in dB-units. 
S5 [0058] In an overload situation it is worthwhile to first remove from the cluster of connections obtaining service those 
connections which have the highest transmit power per the received number of bits. Altematively the bit rate of such 
a connection can be reduced. In an overload condition it is worthwhile to reduce the system load by lowering the SIR 
target level and/or the bit rate for transmissions selected with the method according to the invention so much that the 
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load is kept at a desired level, in an underload condition, when the load is lower than desired, it is possible to select 
with the aid of the power vector calculation which connection most advantageously can have an increased bit rate, i. 
e. a lower process gain. Then such a connection, which has the lowest transmit power for a certain number of trans- 
mitted bits, is selected as the controlled connection. In undersold situations, when the power vector calculated in this 

5 invention is useful, i.e. when the powers provided by it are within the allowed limits, then with the method according to 
the invention it is possible to select for the transmission also such a transmission for which the power vector gives the 
lowest transmit power in relation the bits.to be transmitted, or in relation to the correctly received bits during the previous 
frames. . . 

[0059] In underload and overload conditions the SIR target levels and/or the bit rates are advantageously increased 

to in an underload condition and reduced in an overload condition particularly for such transmissions which have a high 
transmit power in relation to the correctly received bits. As transmit powers it is possible to use for instance the powers 
given by the power vector according to the invention or the average transmit powers of previous transmissions, the 
last transmit power given by the closed loop, or the normal transmit power based on the open loop link gain. One 
possible embodiment is to take with the aid of different determination methods for instance the maximum or the average 

15 of the above mentioned transmit power values, and to use it in the comparison quantity of the load control, whereby 
the comparison quantity can for instance be the ratio of the transmit power to the average number of correctly received 
bits. The power vector can be used for instance also as an accessory for the load control in order to determine the 
value? of the comparison quantities of the load control for different transmissions. 

"[006,0] For the sake of illustration we repeat again in formula (25) how a power vector is mathematically created over 
20 a period of two frames. In the formula Pt.TR(s) denotes the transmit power of an RT packet belonging to an activated 
bearer in frame s (here s = 1 , 2) in the first active frame of the bearer. ^Pmst.NRT(s) aga'"^ denotes the change in the 
transmit power of the mg^ith NRT packet belonging to a bearer activated in the trarne s (here s = 1, 2), whereby the 
change is made in the considered frame due to .the fast power control and to a changed interference situation. The 
first frame contains ^ RT-packets and ^ NRT-packets, of which 2 RT-packets and 2 NRT-packets are active 
2S also in the second frame. The first sub-index denotes the frame in which the bearer of said packet has been activated, 
and the second sub-index denotes the considered frame. The second frame will include 2 RT-packets and /r)2 2 NRT- 
packets belonging to new bearers. 
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[0061].- In the optimisation of the results of the power control according to the method according to the. invention a 
mobile system can use many different ways to arrange the traffic. For instance, the system can postpone the trans- 
mission of certain packets with low priority. The system can also for instance reduce the transmission rate or the transmit 
power of certain bearers. 

55 [0062] -The power control method according to the invention can also be used for different traffic management pur- 
poses. The method according to the invention can be used for instance for the load control of a controlled transmission 
cluster of the bearers. In an embodiment of this type the effect of a beginning transmission on the total power is de- 
termined, and if the total power limit is exceeded the starting of the transmission of said transmission can be dented. 
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or the traffic of the controlled transmission cluster of the bearers can be arranged so that the transmission of the 
beginning transmission can be allowed. Thus the method according to the invention can be used generally to apply 
different traffic arrangement alternatives for the traffic management. 

[CX)63] The method according to the invention can also be applied in connection with the so called macro diversity 
s combination. Macro diversity combination means a practice where more than one base station provides service to the 
same mobile station. Then each base station providing service transmits a sub-signal to the mobile station, and. the 
mobile station adds the received sub-signals. Then each base station can use a lower transmit power than- in a case 
where said mobile station uses only one base station. Due to the lower transmit power the other mobile stations of 
each base station detect a lower interference level. 
10 [0064] Figure 2 illustrates the flow diagram of the method according to the a preferred embodiment of the invention. 
This example illustrates a possible manner of action in a situation, where the controlled cluster is one base station and 
the mobile stations in its area. This example further illustrates such an embodiment according to the invention, where 
a check is made whether the values of the output powers obtained as a result of the calculation are within certain limits. 
At first the connection quality information is received 120 from the mobile stations. The reception of the connection 
IS quality information is a part of the common operation of the prior art mobile system, so this method step is drawn in 
the figure 2 only for the sake of illustration. Then a control function is generated 130 on the basis of at least the 
- connection quality information and the control history ot the power levels of the mobile stations. For instance the f unction 
according to the formula (19) or another corresponding function can be used as the control function. In the next step 
the control function formed in the previous step is calculated 140, and the results of this calculation provides new values 
20 for the output powers of the controlled transmissions. Then il is checked 150 that each calculated output power value 
is between the minimum and maximum values suitable for each transmission. If all values are within the allowed limits 
said power values are applied 190.' 

[0065] If all calculated output power values were not within the allowed limits the operation continues according to 
figure 2 in the following way. The output power values exceeding the allowed limits are replaced 160 by the maximum 

2S allowed value for each transmission, and correspondingly the values below the lower limit of the initial values arc 
replaced by the lower limit. Then a check is made 170 whether the checked values fulfil the desired criteria, i.e. in the 
example of figure 2 a check is made 170 whether the desired SIR values are obtained with the revised values. In this 
case the check can be made for instance according to the formula (20). If the desired SIR levels are obtained, then 
the checked values can be applied 190. If the desired SIR values are not obtained, the traffic arrangements 180 are 

30 made, for instance by delaying the transmission of some packets with tow priority to later frames. After these arrange- 
ments the process returns to the step tor generating 130 the control function. 

[0066] According to a preferred embodiment of the invention the calculated and/or checked power values can be 
applied even if they do not fulfil the desired SIR levels. This may be the case if no traffic arrangements can provide a 
solution with which the desired SIR levels can be obtained. In such a case it is most favourable to arrange the output 
35 powers so that the SIR levels of the bearers with the highest priority are reached as well as possible, and by leaving 
the SIR levels of some low priority bearers below the target level. 

[0067] The figure 3 illustrates the operation of the method according to a preferred embodiment of the invention in 
the form of a flow diagram. This example illustrates a possible operation mode in a situation where the controlled cluster 
includes more than one base station and the mobile stations in their areas. This example further illustrate$ an embod- 

40 iment according to the invention where a check is made whether the output power values obtained as a resujt of the 
calculation are according to the desired optimisation targets. At first there is received 125 the connection quality infor- 
mation and the information about the control history of the mobile station power control from the base stations taking 
part in the power control management. Then the control function is generated 1 30 on the basis of at least the connection 
quality information and the control history of the power levels of the mobile stations. For instance the function according 

45 to the formula (19) or another corresponding function can be used as the control function. In the next step the control 
function formed in the previous step is calculated 140, and the results of this calculation provides new values for the 
output powers of the controlled transmissions. Then a check is made 150 that each calculated output power value is 
between the minimum and maximum values suitable for each transmission. If all output power values are within the 
allowed limits the operation is continued at step 151. If all values are not within the allowed limits, then those values 

50 outside the allowed limits are replaced by allowed values, for instance in a manner according to the step 160 which 
was described in connection with the description of figure 2. In step 151 there is made a check that the calculated 
output power values are in accordance with the desired criteria or optimisatbn targets. The power values are taken in 
use 190 if the power values are according to the criteria. If the power values do not fulfil the required criteria, then the 
traffic is arranged 180 in order to fulfil the desired optimisation targets, and the process retums to the step 130 for 

55 generating the control function. 

[0068] The invention is not limited to any certain optimisation target, but in the inventive method according to the 
example in figure 3 and in other embodiments of the invention it is possible to apply an optimisation target according 
to the actual requirements. As an optimisation target it is for instance possible to use the maximisation of the SIR 
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values, which are weighted with the importance category of the bearers, or some of the other above mentioned targets. 
The invention is also not limited to any certain way to. arrange the traffic in order to obtain the desired optimisation 
target, but the arrangement method is preferably selected according to the optimisation target. Thus the invention is 
not limited to a certain optimisation method which formed by optimisation targets and the arrangement method. 

5 [0069] In a preferred embodiment of the invention the new power levels obtained as the result of the calculation are 
not directly applied in all bearers which were active in previous frames, but there is first made a check whether the 
change caused by the calculation is greater than a certain predetermined limit. If the change of the bearer's transmit 
power is less than said limit the transmit power of the bearer in question is not changed, whereby the automatic power 
control of the mobile system can control the transmit power when the new frame has begun. In an embodiment of this 

'io kind the output power is changed only if the new output power calculated with the method according to the invention 
is lower or higher than the old output power by more than said limit. The advantage of an embodiment of this kind is 
a lower need for control signalling. 

[0070] In a preferred embodiment of the invention the base station neighbourhood can be taken into consideration 
in a simpler manner than that presented above. The output powers of the base stations and mobile stations of the 
^5 desired neighbourhood can be taken Into consideration by adding their estimated impact to a noise term, such as to 
the term Pf^ of formula (19). 

[0071] As described above, the method according to the invention enables the powers ot several mobile stations to 
be controlled in common in the same process. Such a collective power control is useful in situations, where the traffic 
statistics of the cell is changing. When a mobile station using a high data transmission rate initiates its traffic it causes 

20 ai the same lime a substantial common faclor in the power control of other users. In the same way, when a mobile 
station using a high data transmission rate terminates its connection the power levels of other users can be set at a 
substantially lower level than during the high data transmission rate traffic. A simultaneous fast reduction of the power 
to several mobile stations is advantageous not only regarding the tnterterences in the own cell, but also regarding the 
interferences caused to the neighbouring cells. Often the power control of several mobile stations or bearers can be 

2B made in clusters, whereby the power control instructions given to the respective cluster have a similar effect on all 
bearers of said cluster. The common power control of a certain cluster can for instarice use the cluster power control 
bits defined for a common control channel, which bits are separated from the normal power control of each bearer 
The common power control can be realised with a larger step size than the power control of each bearer, so that there 
is obtained a rapid response to the change. . 

30 [0072] In a preferred embodiment of the invention the bearers taking part in the common power control can be 
selected according to their traffic situation. For instance, bearers transmitting packet traffic can automatically belong 
to a certain cluster, in which the output powers of the bearers are at least partly controlled with the aid of cluster 
instructions. Iri an embodiment of this kind each mobile station observes the cluster power control instructions deter- 
mined by its traffic situation. Then the cluster of a mobile station or bearer is automatically changed when there is a 

55 change in the traffic situation. In addition to the cluster instructions a mobile station can also observe power control 
instructions intended only for the respective bearer or mobile station. 

[0073] The system realising the power control method according to the invention may be realised in many different 
ways. In a preferred embodiment of the invention the calculation method according to the invention is performed by a 
processor of such a system, and the functions of the processor are controlled by software stored in memory means. 

40 Figure 4 illustrates one such embodiment of the invention. The figure shows a base station 340 connected to the rest 
of the mobile system 380, and mobile stations; 330 communicating with the base station. In order to realise the power 
control method according to the invention the base station 340 contains a processor 320 and a memory means 321 . 
[0074] Figure 5 illustrates another preferred embodiment of the invention where the means 320, 321 controlling the 
power control are located in the base station controller 350 which controls the base stations 340. The base station 

45 controller 350 communicates with the rest of the mobile system 380. Figure 4 shows further mobile stations 330 com- 
municating with the base stations 340. 

[0075] According to a further advantageous embodiment of the invention, the calculation of the power vector can be 
performed in a simplified way. This is described in detail with reference to formulas (26) to (37). In this exemplary 
embodiment, the calculation of the SIR values can be made for instance in the following way: 



f g Ho_MSf No^BS No^MS^ V^"/ 
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'mi J 



•1 



is the target SIR level of the packet or bearer joi the base station /, 

is the link gain between the base station m and the terminal relating to the bearer j of the base station /, 
is the transmit power of the packeUbearer j of the base station /, 
Gjj is the process gain of the packet/bearer j of the base station. /, * ^ 

No_BS is the number of base stations in the base station neighbourhood controlled by one base station controller, 
No_MS„ is the number of active bearers of the base station m{m= ^ ,2,...,No_BS), 
Ljj is the link gain between the base station / and the terminal relating to its bearer / 

Pf^ is a noise term, and ' 

a is a factor representing the orthogonality of the codes of the own cell, a fc[0, 1]. The value of the factor a is 

one if the codes of the own cell are fully unorlhogonal. The value of the factor a is zero, if the codes of the 
own cell are fully orthogonal. 

[0076] Formula (26) can also be expressed in the following form: 



No 



A£y_oWA f/o_SS ( 
/«1 / msl V»- 



No MS old^ + i 



No MS old. 



A <27) 



where No_MS__oldi^ is the number of old bearers of the base station k. The transmission powers of the new bearers of 
base station /care denoted as Pk,No^Ms^oid^v Pk,No_MS_oidf,*2^- ■^Pk,No^MSk where A/o_/WS;, denotes the number of all 
55 bearers of base Station /f including both old and new bearers. • • 

[0077] From formula (27) one can obtain 
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50 which can be expressed in matrix form as 



^Pi =A,p, +a, 



(29) 



where is a matrix containing the output powers of the bearers, which is presented in more detail in the formula (30), 
is a square matrix according to the formula (31) formed by sub-matrices according to the formula (32), a-, is a link 
gain vector according to the formula (33), and is a diagonal matrix, which is defined in the formulae (34) and (35), 
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The matrix is a matrix of interference effects, i.e. it contains mainly the interactions of each base station to the other 
base stations and to the mobile stations controlled by the other base stations. 



which includes only the transmission powers of the new bearers, 
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where j= No_MS_oldj , No_MSf, k ^No_MS_old^'h1 .... No_MS^ 



(32) 
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[0078] In the formula (35) the tactors X, are diagonal sub-matrices: 
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0, J^k 

^i,No_MS_oUit^j __ ^ i ^ U (36) 



-a, j = k 



where j, k- No_MS_oldrh1, No_MS_oidf^1 , No_MSi. A new open loop power vector can be calculated with the aid 
of the above formulae according to formula (37): 

p, - A,)'' a, (37) 

[0079] The initial transmission powers of new bearer can be calculated according to formula (37). Formula (37) can 
^5 also be used for estimating the initial transmission powers for purposes of admission control-, i.e. for estimating if the 
new bearers would create a too large increase in transmitted power, if admitted. 

[0080] A power control system according to the invention can also be located in many different points of the mobile 
system. It the power control system controls only one base station and the transmissions of mobile stations in its area, 
then the power control is advantageously located in the respective base station. The power control system can also 
20 be located in the control unit of a communication network controlling one or more base stations, such as in a base 
station controller. 

[0081] The power control method according to the invention has many essential advantages. With the aid of the 
power control method according to the invention the power levels of the transmissions starting at the beginning of a 
frame and the power levels of other transmissions can be controlled close to the optimum, which saves capacity at the 
25 radio interface and saves transmit power in the mobile stations. The fast power control controls the transmit powers 
to their correct values substantially faster than a prior art solution, because a possible deviation of the transmit power 
from the actual optimum value is substantially smaller than in prior art solutions. 

[0082] The formulae presented in this application are only exemplary, and the invention is not limited to the power 
control methods according to the formulae presented here. To a person skilled in the art it is obvbus that the method 

30 according to the invention can be realised by calculation formulae formed with very many different approximations; ' 
[0083] The realisation of the invention in a packet switched CDMA system was described above, but however, the 
invention is not limited to a packet switched system. With the method according to the invention is also possible to 
manage the power control of a network based on circuit switched spread spectrum techniques in situations, where the 
transmission of a bearer is initiated or terminated. The method according to the invention is applicable in many different 

35 mobile system, such as in mobile systems of the so called third generation, which are base on a combination of the 
CDMA and TDMA technologies. Thus the invention is also applicable in such systems which only partly are based on 
the spread spectrum technique. The power control method according to the invention can also be used' in TDMA 
systems. 

[0084] Above the invention was described with reference to some of its preferred embodiments, but it is clear that 
^0 the invention can be modified in many different ways according to the Inventive idea defined in the enclosed claims. 

Claims 

^5 1. A power control system in a mobile system based at least partly on the spread spectrum technique and having at 
least one mobile station and at least one base station, characierised in that the transmit power of rhore than one 
bearer is determined at a time with the aid of the method, and that the method comprises steps, in which 

a control function is formed at least partly on the basis of a quantity which at least partly represents the fast 
fading experienced by at least one bearer, and 

the control function is calculated in order to determine new output power values of said at least one bearer. 

2. A method according to claim 1 . characterised in that the control function is formed at least partly on the basis of 
an at least partial history of the power control of at least one bearer. 



A method according to claim 1 , characterised in that the transmit power of more than one bearer is determined 
with the aid of the method when the transmission of at least one bearer is initiated. 
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4. A method according to claim 1 . characterised in that it comprises a step in which the transmit power o1 more than 
one bearer is determined when the transmission of at least one bearer is terminated. 

5. A method according to claim 1 , characterised in that it comprises a step in which the transmit power of more than 
s one bearer is determined when the transmit power of at least one bearer changes. 

6. A method according to claim 1 , characterised in that it comprises a step in which the transmit power of more than 
one bearer is determined when the target level of the correctness of at least one bearer changes. 

10 7. A method according to claim 1 , characterised in that it comprises a step in which the transmit power of more than 
one bearer is determined when the transmission rate of at least one bearer changes. . 

8. A method according to claim 1 , characterised in that it comprises a step in which the transmit power of more than 
one bearer is determined when at least one base station of at least one bearer is changed in a macro diversity 

is combination. 

9. A method according to claim 1 , characterised in that the control function is at least partly formed also on the basis 
of the desired correctness levels of the bearers. 

20 10. A method according lo claim 1, characterised in thai it further comprises a step in which it is checked whether 
each determined output power value is within the range formed by the typical minimum and maximum limits of the 
respective bearer, whereby the output power values are taken in use if no one of the values is outside said region. 
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11. A method according to claim 1 , characterised in that it further comprises steps, in which 

an interference effect matrix is generated, which represents the mutual interferences of different bearers, and 
the generated interference effect matrix is inverted in order to form the new power levels. 

12. A method according to claim 11 . characterised in that it further comprises a step, in which at least one element 
30 value is set to zero, when the value of said element is below a certain predetermined limit. 

13. A method according to claim 1 , characterised in that 

the output powers of more than one base station and the mobile stations managed by these base stations are 
35 controlled with the method, and that 

the control function is formed at least partly also on the basis on how strong the signal of each base station 
is received in at least one mobile station of each other base station. 
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14. A method according to claim 1 , characterised in that it comprises steps, in which 
more than one set of output power values is calculated, 

a utility function is formed in order to select one set of output power values, and 

that set of output power values is selected, which minimises the value of said utility function. 

45 15. A method according to claim 1, charactehsed in that it further comprises a step, in which a decision is made on 
the basis of the generated output power values for allowing the transmission of at least one bearer. 

16. An element of a mobile system, characterised in that it comprises 

50 - means to generate a quantity which at least partly depends on the fast fading experienced by at least one 

bearer, 

means to determine the output power values for more than one bearer at least partly on the basis of said 
quantity, and 

means to control the output power of at least one bearer on the basis of said output power values. 
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17. A load control method in a mobile network, characterised in that it comprises steps, in which 

a power vector is calculated in order to generate candidate values to be used as powers at the beginning of 
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the next calculation period, 

a check is made whether the power load exceeds a predetermined limit, whereby, if the power load exceeds 
said predetermined limit, at least one of the following is decreased: 

5 - the transmit power of at least one transmission. 

the bit rate of at least one transmission, and 
the SIR target level of at least one transmission; 

whereby said at least one transmission is selected on the basis of which transmission has a corresponding can- 
10 didate power value in the power vector with the greatest ratio to the number of correctly received bits of said 

transmission during the previous calculation period. 

18. A method to manage the transmit powers of bearers in a mobile network, characterised in that 

15 - the powers of the bearers are at least partly controlled in clusters, 

the cluster of each bearer is determined according to the state of the bearer. 

and that the method comprises 6teps, in which 

20 - a power vector is calculated in order to generate candidate values to be used as powers at the beginning of 

the next calculation period, ..' • ^ - 

the transmit power of at least one bearer cluster is changed in accordance with the calculated candidate values. 
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